This paper adopts a managerial accounting perspective to propose and empirically illustrate a research design for firm decision making based on performance feedback. In doing so, it operationalizes the theoretical frameworks based on the endogenous components of acrossfirms heterogeneous resources and routines, which are fundamental for firm performance.
INTRODUCTION
This paper adopts a managerial accounting perspective to propose and empirically illustrate a research design for firm decision making based on performance feedback. 1 In doing so, it operationalizes the theoretical frameworks based on resources and routines (see, e.g., Penrose 1959; Wernerfeldt 1984; Barney 1991; Peteraf 1993; Teece et al. 1997; Teece 2007; Foss and Stieglitz 2011; Argyres et al. 2012; Felin et al. 2012) . Most importantly, by taking a best practice benchmarking approach to firm activity in dynamic environments, this study accounts for the endogenous components of across-firms heterogeneous routines (Winter 2003; Abell et al. 2008; Felin and Foss 2011; Argyres et al. 2012; Felin et al. 2012; Felin 2012 ). This approach is grounded in the managerial accounting task of performance monitoring for control mechanisms and reward systems, which usually revolve around assessing profitability in competitive environments over some time period (Ittner and Larcker 1997; Kaplan and Atkinson 2000; Balk 2003; Langfield-Smith 2005; Grafon et al. 2010; Horngren et al. 2011) . While the importance of profitability monitoring and its extension to benchmarking require little introduction, some is needed for performance feedback based on changes in organizational routines and knowledge.
2
Organizational routines and knowledge are usually enhanced by gaining firm experience and increasing learning investments (see, e.g., Knott 2003; Knott and Posen 2009 ).
This dynamic approach to investments in organizational routines and knowledge is crucial for long-term success (Romer 1990; Adler and Clark 1991; Dutta et al. 1999; Pisano et al. 2001; Knott 2003; Acs et al. 2009; Knott and Posen 2009) . Seminal papers show that changes in performance could reveal whether organizational knowledge was acquired, and argue that 1 Note that "routines" is the usual management theory of the firm terminology, whereas managerial accounting and productivity literature generally refers to "practices". In this paper, the two terms are equivalent. 2 See Balk (2003) for profitability and productivity tools for performance monitoring and benchmarking. These strategic activities are grounded in managerial accounting (see, e.g., Kaplan and Atkinson 2000; Horngren et al. 2011) . The introduction only generally refers to profitability, which is later presented in detail.
longitudinal data should be employed to this purpose . Linked to this, managerial accounting points out that assessing such changes is best done via benchmarking techniques that yield outcomes vis-à-vis industry competitors, thus showing if the firm is using best or worst practices (Camp 1995 (Camp , 1998 Ittner and Larcker 1997; Kaplan and Atkinson 2000; Balk 2003; Horngren et al. 2011) .
Seeking practices for organizational improvement-benchmarking-is a core managerial task commonly characterized as a problem solving activity, generally implemented through response actions to business analytics feedback (Camp 1995; Greve 2003; Kaplan and Atkinson 2000; Horngren et al. 2011) . Moreover, this managerial task is closely linked to control mechanisms and reward systems (Ittner and Larcker 1997; Kaplan and Atkinson 2000; Grafton et al. 2010) . Benchmarking assessments are perhaps mostly needed when aspirations are not met. Nonetheless, studies that benchmark performance through organizational routines and knowledge lenses are rare, although some do tackle the issue of learning from performance feedback (e.g. Greve 2003) . It may well be so because the usual focus is on learning how to use-but not change-existing production systems and practices at strategic moments such as market entry, acquisition or other risk taking behaviors (Greve 2003) . Actually, strategic management and risk research suggested that bad outcomes shift decision makers' attention from improving practices to pursuing bold and hasty actions such as market entries or mergers (Bromiley et al. 2001) .
Potential improvements attained internally are often neglected or not followed upon.
Knowledge enhancements may arise through investments in research and development (R&D) and intangible assets. Indeed, literature has long investigated R&D as a driver of growth (e.g. Romer 1990) , and found that R&D spending leads to competitive advantages especially in high-technology markets (Dutta et al. 1999) . However, R&D itself does not enhance productivity, which instead is positively related to innovations fostered by R&D (Acs et al. 2009 ). Such innovations may also be captured via intangible assets. Empirical research showed that R&D accumulation (e.g. in intangibles' stocks) is crucial for firms' production function, but R&D flows are equally useful as an explanatory variable . Moreover, intangible assets' stocks seem to be imitable as entrants can match incumbents' investments and consequently catch up or even exceed them .
Additionally, Knott (2003) and Knott and Posen (2009) indicate that firms usually invest in R&D to regain eroded competitive advantages and not necessarily to pursue the new frontier.
Although confusing at first, the rationale is that instead of catching up to current best practices (i.e. the frontier), R&D investments are driven by strategic renewal aimed at obtaining future competitive advantages (Knott and Posen 2009 ).
Such lines of thought principally postulate that expected modifications in knowledge are potentially reflected in future profitability or productivity variations, which generally emerge from changes in resources and routines (Penrose 1959; Wernerfeldt 1984; Barney 1991; Peteraf 1993; Teece et al. 1997; Teece 2007) . Firm routines include knowledge about facts (i.e. know-what) and procedural knowledge (i.e. know-how), both of which, when enhanced, strengthen competitive advantages (Teece et al. 1997; Teece 2007) . Indeed, organizational knowledge is embedded in routines and changes in these are indicative that learning occurred, especially when assuming that routines are heterogeneous across firms (Teece et al. 1997; Winter 2003; Abell et al. 2008; Argyres et al. 2012; Felin et al. 2012) .
Strategic management literature builds on the resources and routines conceptual approaches to understand that the ability to do something has endogenous components that originate in individuals or, more generally, in organizations of different types (Felin and Foss 2011; Felin 2012) . 3 Such arguments are in line with the embeddedness of knowledge into routines, and the process of combining existing resources in novel ways (Denrell et al. 2003;  3 See Foss and Stieglitz (2011) for a critical review of the RBV. One can refer to Argyres et al. (2012) for the relationship between the routines literature and organizational economics, with special focus on heterogeneity. Foss and Ishikawa 2007) . The many times missing element is that routine valuations are not only shaped by the firm's existing resources, but also by the ability to assess the resources and performance of other firms (Denrell et al. 2003) . Using information on other firms' endowments and results is strongly linked to benchmarking in dynamic contexts that are characterized by inherent uncertainty in terms of changing competitive environments and opportunities (Denrell et al. 2003; Foss and Ishikawa 2007) . These dynamic perspectives reinforce the need of inter-temporal analyses and suggest that research designs and applications should also capture shifts in production possibilities.
This study contributes to the literature in at least two ways. First, it proposes a managerial accounting design with performance feedback that operationalizes decision making based on resources and routines. Foremost, the research design integrates the endogenous components of across-firms heterogeneous routines that are fundamental for performance (Winter 2003; Abell et al. 2008; Argyres et al. 2012; Felin and Foss 2011; Felin et al. 2012; Felin 2012 et al. 2011) . Moreover, the sensitivity of benchmarking measures to managerial discretion over flow or stock variables is scrutinized.
To set the ground for these contributions, the next section further conceptualizes the issues discussed in this introduction. Section 3 theoretically proposes the research design.
Methodological details on the frontier benchmarking measures and their fit with across-firms heterogeneous routines are presented jointly with the second stage analyses, variables and data. The two final sections discuss the empirical results and their implications, and present some concluding remarks.
RELATED LITERATURE

Further links between routines, organizational knowledge and performance
The resource-based view of the firm and related routines-based framework(s) are the theoretical approaches that dominate the strategic management literature (see Foss and Stieglitz (2011) for a critical review). Existing studies focused on the unique bundle of resources (i.e. inputs) firms possess and then studied organizational routines expected to generate competitive advantages and performance differences (Penrose 1959; Wernerfeldt 1984; Barney 1991; Peteraf 1993; Teece et al. 1997; Teece 2007) . Knowledge embedded in routines leads to combining existing resources in novel ways, and these routines' valuation depends on the firm's resources and its ability to gauge the resources and performance of other firms (Denrell et al. 2003) . However, a gap remains with respect to operationalizing these aspects, especially in the case of using accounting information (Denrell et al. 2003; Foss and Ishikawa 2007) .
Related and growing approaches considered the dynamic nature of resources and routines (Teece et al. 1997; Zollo and Winter 2002; Winter 2003; Zott 2003; Teece 2007; Abell et al. 2008; Argyres et al. 2012) . Some ongoing debates critically assess the dynamic aspect of the frameworks and propose alternatives (e.g. Denrell et al. 2003; Winter 2003; Foss and Ishikawa 2007; Abell et al. 2008; Argyres et al. 2012) , whereas some consensus exists on the fact that the dynamic components of routines are consistently sustained and enhanced by organizational knowledge (Teece 2007; Zollo and Winter 2002; Augier and Teece 2007) . More importantly, it is well established that routines are endogenous to firms and heterogeneous across firms (Teece et al. 1997; Winter 2003; Abell et al. 2008; Argyres et al. 2012; Felin and Foss 2011; Felin 2012; Felin et al. 2012) .
The mechanisms through which routines may enhance performance are not straightforward (Zollo and Winter 2002) . A key criticism is that the theory does not permit empirical testing since the main relationship is between unobservable routines and observed performance (Priem and Butler 2001) . Nevertheless, it is generally agreed that firms that possess the appropriate knowledge on routines are more efficient, can more easily enhance their performance by altering their resource base, and competitors cannot straightforwardly imitate their practices (Helfat and Peteraf 2003; Foss and Stieglitz 2011) .
In this sense, routines reflect past knowledge, and learnt patters are drivers of competitive advantage, which is an antecedent of performance (Foss and Stieglitz 2011 ). An upward shift in performance could be indicative of organizational knowledge enhancements, which are arguably influenced by R&D spending and intangible assets (e.g. Knott 2003; Knott et al. 2003; Knott and Posen 2009) . Alternatively, negative feedback may stimulate exploring new resource combinations (Denrell et al. 2003; Greve 2003) . This can be done via R&D flows (and their accumulation into intangibles), which are usually positively correlated with performance (e.g. Capon et al. 1990; Cohen and Klepper 1996; Ettlie 1998; Griliches 1998; Blundell et al. 1999; Dutta 1999; Toivanen et al. 2002; O'Mahony and Vecchi 2009 ).
Benchmarking as a route to enhanced organizational knowledge
Firms learn from performance feedback, which is directly linked to acquiring organizational knowledge. This process is crucial for activity planning and enhancing competitive advantages in dynamic contexts. Indeed, firms must be able to "reconfigure internal and external competences to address rapidly changing environments" (Teece et al. 1997: 516) and so "systematically generate and modify operating routines in pursuit of improved effectiveness" (Zollo and Winter 2002: 340) . Strategic management and productivity studies many times tackle these issues through best practice benchmarking (Camp 1995 (Camp , 1998 Balk 2003) .
In its purest form, benchmarking is the selection of a unit of strategic value against which performance is compared (Camp 1998) . Firms can so set goals, deduce whether they have best or worst practices, and aim at maintaining superiority or closing the gap to competitors (Camp 1995 (Camp , 1998 Cokins 2004 ). There are two purposes that research designs should not miss: provide valuable feedback on past performance (internal monitoring) jointly with information on competitors' performance and practices (external benchmarking) (Balk 2003) . Accordingly, benchmarking can be utilized for data analysis and target setting prior to selecting strategies, but also as part of the management control mechanisms and reward systems (Ittner and Larcker 1997; Kaplan and Atkinson 2000; Balk 2003; Langfield-Smith 2005; Grafon et al. 2010; Horngren et al. 2011) . These understandings are related to viewing competitive advantage as simultaneously being a persistent puzzle and the key to why certain firms are successful and others perish (Knott 2003) . While benchmarking primarily aims at increasing performance, it also fosters organizational knowledge by facilitating the learning and understanding of practices .
To operationalize these conceptual approaches, managerial studies usually turn to output-input productivity ratios (i.e. y/x) or profitability given by accounting data (see Banker et al. 1996; Kaplan and Atkinson 2000; Bragg 2002; Balk 2003; Banker et al. 2007; Epure et al. 2011; Horngren et al. 2011) . In the absence of price effects, productivity coincides with profitability, while managers care about profitability changes (Balk 2003 ).
In multidimensional settings there are various issues that these single output-input ratios or differences do not address. Dissimilar results may appear, as ratios are constructed to reveal a certain characteristic of performance. Managers could so be unable to identify benchmarks as they are facing dilemmas raised by the multiple interpretations and potentially contradictory results (Camp 1995) . Yet another issue is that one-dimensional output-input ratios many times lack an underlying theoretical model, and therefore it may be rather difficult to understand their mechanisms.
Productivity and efficiency literature solves these problems by using non-parametric frontier methods that accommodate multiple outputs and inputs (see Ray (2004) for technical details). Frontier-based assessments are "a sophisticated way to benchmark the relative performance of production units" as it computes the degree of inefficiency separating a firm from the best practice frontier (Berger and Humphrey 1997: 175) . The benchmarks are the efficient firms that shape the frontier and against which all the other units are projected. This is a more theoretically sound method to compute and easier to interpret since it employs a model with underpinnings in production theory. Moreover, it can be adapted to dynamic analyses that capture the moving frontier through indices or indicators. To maintain proximity to the managerial accounting community this study employs a difference-based indicator, which is decomposed into managerial and frontier (industry) effects. Furthermore, new components for individual firm benchmarking are proposed.
A DESIGN WITH ROUTINES AND FEEDBACK ON PERFORMANCE
Figure 1 starts from the model on resources and routines discussed by Abell et al. (2008) . The proposed model is then developed to present a comprehensive image of routines and organizational influences on firm performance by focusing on the dynamics of feedback and investments in organizational knowledge. In Figure 1 , the arrows show the shorter or longer paths for analyzing firm performance. For macro elements, arrow 4 is sufficient and is usually the path followed by one-dimensional analyses (e.g. studies based on financial accounting ratios) (Abell et al. 2008) . This aggregated approach is appropriate at industry and economy levels. At firm level, endogenous mechanics and across-firms heterogeneity play important roles.
[ Figure 1 about here]
The endogenous dynamics (Felin and Foss 2011; Felin 2012 ) and heterogeneous routines (Teece et al. 1997; Winter 2003; Abell et al. 2008; Argyres et al. 2012; Felin et al. 2012) , which are accounted for here by the performance benchmarking method (see next section), make the emphasis shift towards firm foundations scrutinized through the arrows 1 to 3. 4 Each time period starts from existing routines, given organizational knowledge and related investments. These are used in conjunction with resources (inputs) (arrow 1), understood sometimes as micro-level conditions. The actual value-creating activity materializes from arrows 1a and 2 to indicate the combination between known routines and their interaction with available resources (inputs). Each period ends with the net outcome of operating processes (arrow 3) and, when benchmarking, results show distances to competitors.
Note that, apart from core operating processes, Figure 1 isolates an organizational knowledge effect at the end of each period. According to managerial accounting approaches (Kaplan and Atkinson 2000; Horngren et al. 2011) , these knowledge investments (arrow 0)
occur as a function of feedback and learning from the previous period (t-1) and affect the routines of the analyzed period (t). Benchmarking information is crucial for end-period feedback, since decision making at this level is usually based not only on own performance, but also-and perhaps more importantly-on information on competitors and industry practices. In this sense, arrow 0 is an antecedent of routines in a dynamic model for a knowledge economy and can be a source of flexibility and change (Foss 2005) . The bigger picture of this design is the sequence of firm operations and outcomes preceded (and followed) by changes in organizational knowledge. Decision makers are interested in outcomes' changes, which are revealed by scrutinizing shifts in subsequent periods' results.
Moreover, changes in knowledge investments between t-1 and t are expected to influence routines and performance variations between t and t+1, which are related to ensuing organizational investments. 
BENCHMARKING INDICATORS, ANALYSIS STAGES AND DATA
Benchmarking indicators: specification, interpretations and some proposals
This section presents the Luenberger indicator that is employed for operationalizing the linkages of arrows 1 to 3 from Figure 1 . Moreover, it provides the solution to accounting for endogenous and across-firms heterogeneous routines, and some proposals for firm-level strategic benchmarking. Firm outcomes are first assessed in a certain time period, and then inter-temporal indicators provide changes in results to match the dynamic research design. introduced the Luenberger productivity indicator as a difference of directional distance functions. Whereas the academic community is familiar with ratios, the business and accounting communities are more accustomed to evaluating cost, revenue, or profit differences (Boussemart et al. 2003) . Another advantage of the Luenberger indicator is that, instead of specializing in either input-or output-orientation, it addresses input contractions and output expansions simultaneously and is therefore compatible with the economic goal of profit maximization, which is usually pursued in managerial accounting settings (Boussemart et al. 2003) . 
This technology assumes variable returns to scale (VRS), convexity and strong disposability of inputs and outputs. Assuming VRS is a key aspect of strategic benchmarking since results must reflect changes due to shifts in managerial practices or frontier movements. 6 VRS results-contrary to constant returns to scale measurements-isolate managerial practices'
outcomes from scale effects.
Choosing the distance function is crucial for the research design. Its specification must satisfy the requirements of the management literature that calls for the use of endogenous data jointly with accounting for across-firms heterogeneous configurations. 7 To achieve these 6 Chambers and Pope (1996) argue that restricting the returns to scale to constant should be avoided unless one analyses firms in long run equilibrium. 7 Across-firms heterogeneity in competitive settings was systematically called for by Winter (2003) , Abell et al. (2008) , Argyres et al. (2012 . Moreover, the importance of considering the endogenous components of organizational capabilities has recently been stressed by Felin and Felin (2012) .
goals and integrate benchmarking information on competitors, the proportional distance function proposed by Briec (1997) is used. The score of firm k' in period t is computed as:
or as the solution to the following linear programming problem:
This frontier-based distance function completely characterizes technology at period t and estimates the simultaneous expansion in all outputs and contraction in all inputs. A result of zero designates efficient units, while scores higher than zero indicate the degree of inefficiency.
8 This distance function has a unit-specific orientation, making its assessment endogenous to each firm and heterogeneous across firms, as needed for the above-mentioned organizational perspectives. This flexible approach is in line with the design in Figure 1 and is illustrated in Figure 2 .
Assuming a simple technology with only one output and one input, Figure 2 illustrates firm k in periods t and t+1, jointly with the corresponding best practice frontiers. First, the firm is not on the frontier and its distance to the frontier has increased in period t+1 (e.g. the distance in t is 0.2 while in t+1 it is 0.4). Second, the direction towards the frontier is given by the firm's ratio of output to input, thus using endogenous information for each firm in each time period. These directions correspond to the firms' configuration of resources and routines, and consequently are heterogeneous across firms.
[ Figure 2 about here] 8 One can refer to Briec (1997) for further technical aspects.
Next, the distance functions can be used to compute changes between periods relative to the frontier. Accordingly, the Luenberger indicator is given by : 
Equation (4) represents a period t Luenberger indicator, which computes the difference between distance functions evaluating firms in periods t and t+1 with respect to the frontier in period t. Results greater (lower) than zero indicate productivity increases (decreases).
9
The impact of the moving frontier, critical for dynamic analyses, is introduced by decomposing the indicator into two main components: 
where the first difference expresses the efficiency change (EC) between periods t and t+1 and the second difference represents the frontier change (FC) between periods t and t+1.
10
EC measures the evolution of the position of the firm relative to a changing frontier, while the Luenberger indicator does not account for frontier shifts and gauges the effects of organizational practices with respect to a fixed industry benchmark. Specifically, EC evaluates the firms in periods t and t+1 relative to the frontier in the corresponding periods.
This catching up or falling behind changing industry results is often interpreted as good/bad managerial routines in dynamic settings. This is of course a proxy measure, as this studylike many others-lacks a direct indicator of management quality. FC provides a local measure of the change in the frontier assessed with respect to a given firm (i.e. the progress or regress of peers). It captures the difference between the distances from the firm in period t+1 to the frontier in t and t+1. That is, EC is a proxy measure of changes in endogenous 9 Alternative specifications of the indicator use an arithmetic mean to avoid the arbitrary selection of a base year . Nonetheless, this method is less suitable for strategic benchmarking which requires a clear target. Thus, utilizing a technology based on a certain year (t) is common in the benchmarking literature (see discussion in Epure et al. 2011) . A well-determined frontier is needed since managers attempt to understand their competitive environment at a certain point and then assess firms. 10 This decomposition is similar to the basic one known for the Malmquist index (see Färe et al. 1994 
, which indicates that results in t+1 are superior with respect to the frontier target in t. This is a partial catching-up effect. It may be that while firm k moved closer to the frontier in t, other industry peers moved even closer or surpassed it.
Actually, A new decomposition of the EC component is now proposed to extend the usual disentangling to integrate firm-level benchmarking, thus allowing for comparisons against certain competitors. This approach is attractive to managers who do not want to benchmark only against some general industry best practice, but also compare their firm to a certain competitor. 11 To give just a few examples, this competitor may well be a market segment rival, a member of the same strategic group or simply the geographically closest peer. A first alternative of the decomposition considers a static comparison between an analyzed unit and a benchmark (indicated by the subscript B): 
Equation (6) has three components. The first one measures the variance from the benchmark to the analyzed unit in t+1, while the second one does the same for period t. In both cases, positive/negative results point to better/worse outcomes as compared to the established benchmark. The third component is simply the efficiency change (EC) of the benchmark firm (which can also be compared against the previously computed EC of the analyzed firm (see equation (5)). While this decomposition offers important insights, it is of a static nature and thus it either requires using data on the previous period or on the current one. Using prior data may lead to obsolete interpretations, and current data may not be available for the benchmark firm. To introduce the dynamic component and reach a more realistic approach a second EC decomposition alternative is: 
The three components in equation (7) focus on comparing the firm in the current period against a target set in a previous (or base) period. This analysis is conceptually sound and realistic given that managers usually set targets at a certain point in time, which are then used for control and reward systems in the subsequent period. Accordingly, positive results in the first component of equation (7) indicate that the firm in t+1 is superior to the benchmark in t.
The second component offers an equivalent (mirror) image from the point of view of the benchmark, while the third one-similarly to equation (6)-is the EC of the benchmark.
Second stage analysis
The first stage of the analysis presented a way to tackle the changes in outcomes given by successive firm operations illustrated-for each period-in Figure 1 via the paths of arrows 1 to 3 (see the research design in Figure 1 ). Second stage regression analyses reveal the relationship between these shifts in performance and organizational knowledge investments, thus focusing on the response to feedback. These investments may take the form of spending (flows) or stock accumulations, and are identified by arrow 0 in Figure 1 .
Consistent with the design, there are also introduced as changes.
We assume the following general specification:
, 1 1, Performance Controls 
Variables and data
The managerial accounting design for benchmarking is completed by the variables definition and data. A profit maximizing approach, such as the one advocated for in this study's motivation and methodology can be defined using flow variables from income statements (see Kaplan and Atkinson (2000) or Horngren et al. (2011) for process costing definitions of (operating) profit). Moreover, benchmarking tasks require information on industry peers to construct the best practice frontier.
Accounting definitions converge on the fact that generating revenues is the ultimate goal of the firm. Accordingly, revenues can be used as the sole output variable given that they represent the primary source of earnings and cash flows associated with operating activities (Verma 1993; Thore et al. 1994; Demerjian et al. 2012; Baik et al. 2013) . Our input variables are also essentially consistent with the ones employed by Thore et al. (1994) , Demerjian et al. (2012) or Baik et al. (2013) . The difference is that-for the main analysiswe limit ourselves to flow variables and do not employ stocks. Our rationale is that, apart from acknowledging the different natures of flows and stocks, mixing the two types would change the interpretation of the results. Flow variables provide a short run view of profitability, more appropriate for management control and reward systems.
Short run profit is given by: π = revenues -operating expenses. For a manufacturing firm, these operating expenses are: (i) cost of goods sold (COGS), (ii) selling, general and administrative expenses, and (iii) depreciation and amortization. We argue not only that these variables are the short run costs that determine revenues, but also that they are suitable for the research design. When simultaneously-but as different variables, not aggregatedintroduced in the analysis, they reveal various firm configurations. It is therefore appropriate to use the proportional distance function (equation (2)) that sets the direction to the frontier following each firm's endogenous configuration and identifies frontier targets based on different inputs' combinations. These resource mixes may change due to shifts in routines, knowledge, the environment or the judgment of the decision maker.
For instance, a high proportion of COGS illustrates that important resources are dedicated to direct manufacturing costs of material and labor. Alternatively, large values of the second input show that significant funds are not directly attributable to the production process but related to selling, general and administrative functions. These include marketing, employee benefits, commissions, advertising, promotion, and, more importantly, R&D spending. Lastly, our short run approach is completed by the depreciation and amortization that express the cost of depreciable assets and the cost allocation of intangible assets such as patents and trademarks. Intangible assets are yet another key component of our study as, jointly with R&D spending, they proxy organizational knowledge.
Sensitivity tests draw from the definitions of Demerjian et al. (2012) and Baik et al. (2013) and introduce fixed inputs. Instead of expanding output while contracting all inputs, revenues are expanded and variable inputs (flows) are contracted, given some fixed inputs (stocks). Fixed inputs represent firm capacity, which is not included in managerial discretion.
In this case, a short run profit definition is characterized by: π = revenues -operating expenses, subject to firm capacity. Sensitivity tests follow equation (A1) in the Appendix, which introduces the proportional distance function with variable and fixed inputs. Variable inputs are the defined flows, whereas fixed inputs are fixed assets and number of employees.
A suitable sample for the analysis is a fast-moving industry well integrated in the growing knowledge economy that requires continuous investments in organizational routines (Foss 2005) . Consequently, the research design is applied to a panel of the U.S. technology hardware and equipment industry during 2000-2011. Thus, even if a short run profit interpretation is adopted, effects are shown inter-temporally over an extended panel. Data come from Worldscope and the total number of observations (2,568 firm-year) is obtained after removing all units with missing values for inputs or output variables.
13
[ 13 Tests for potential outliers were run using standard methods. These few extreme units should be eliminated from the sample, since they are known to influence the best practice frontiers and bias the results. the highest weight among the inputs (amounting to 61% of total inputs in 2011, with a COGS/revenues ratio of 55%). Furthermore, median R&D spending and intangibles increased during 2001-2011 by 26% and 39%, respectively.
RESULTS
Benchmarking indicators and accounting performance
Overall industry results for the benchmarking and accounting measures are illustrated in Table 3 ) shows the isolated frontier change from t to t+1 (with the firm fixed in t+1), thus revealing the progress/regress of firms with similar configurations.
[ Figure 5 and Table 3 [ Figure 6 and Table 4 about here]
The changes in accounting ratios corroborate the benchmarking results ( Figure 6 and Table 4 ), but provide limited strategic management interpretations. As in the static cases, results illustrate the same paths for all measures, and thus Table 4 
Organizational interpretations and firm-level strategic benchmarking
From an organizational viewpoint, one could argue that knowledge accumulation occurs throughout the period, with highpoints when all benchmarking components show positive changes. This is less meaningful at industry level, where it is obvious for best performers (see q3 results in Table 3 ). Organizational progress and knowledge accumulation interpretations are extremely important at firm level, as progress may arise not only via investments but also from recombining existing complementary resources in novel ways (Denrell et al. 2003; Foss and Ishikawa 2007) . This process could be triggered by changes in resources, routines or the environment.
In the absence of shocks or in situations of homogenous effects on the industry, the observed results' fluctuations may actually reflect shifts in organizational knowledge or-in broad terms-in managerial decision making.
14 Indeed, the benchmarking indicators suggest that all positive changes during multiple subsequent periods are probably linked not only to profit maximization but also to organizational routines' enhancements. According to strategy and [ Figure 7 about here]
14 See related discussion on inputs' use and strategic orientations in the section on the variables' definition.
Given the obvious importance of firm-level analyses we now present a real and meaningful unit-to-unit benchmarking scenario as proposed through equations (6) and (7). Figure 7 shows the comparison of two leading firms from the semiconductor sector: Micron Technology (MT, the analyzed firm) and Texas Instruments (TI, the benchmark). In Panel A of Table 7 one can follow the first benchmarking component of equation (6). At the zero level, the efficiency of the two firms is equal. Positive/negative results show that MT is better/worse than TI in the corresponding year. Note, for instance, that TI is performing better than MT around the two crisis periods, whereas MT manages to reduce the gap subsequent to the economic downturns.
Panel B of Figure 7 enhances these static interpretations by illustrating the two firms competing in a dynamic environment (see equation (7)). The left figure MT is the benchmark in t and TI is the analyzed firm in t+1. Dynamic unit-to-unit analyses are realistic as managers fix targets (i.e. benchmark in t) for control and reward systems in the subsequent period (analyzed firm in t +1).
Knowledge investments and performance feedback
Second stage analyses follow equation (8) Table 5 (see specifications by column). The knowledge proxies linked to the feedback process and thought to explain performance movements are lagged changes in R&D spending and intangible assets. These variables capture both short run flows (R&D spending) and stock accumulations (intangible assets). Specifications include firm and year effects and control for size and accounting debt levels (liabilities to total assets).
[ Table 5 about here]
Knowledge (or innovation) accumulation proxied through changes in intangibles is positively associated with profit maximization with respect to a certain industry level target (see the significant parameter estimate for the intangibles' change in Table 5 , specification
(1)). It may well be that no significant estimate is found for changes in R&D spending because, even if these foster innovations, their effect is only shown via stocks instead of flows (see similar interpretations in Acs et al. (2009)) . Furthermore, such outcomes from a static target benchmarking perspective suggest that intangibles stocks may be imitable and incumbents' observed results could be matched via catching up processes involving knowledge investments .
On a related note, Knott (2003) and Knott and Posen (2009) state that firms use R&D spending to regain eroded competitive advantages and not necessarily to pursue the new frontier. Indeed, when both firm and frontier changes are accounted for by the dependent variable (Table 5 , specification (2)), movements in intangibles stocks are not significantly associated with the benchmarking measure. There is now a significant negative parameter estimate for R&D spending changes. This illustrates that enhancing R&D may increase the distance towards a moving benchmark, probably because such investments could be negatively related to short run profit maximization. Conversely, R&D spending changes are significant and positively associated with local industry (frontier) progress (Table 5, specification (3)). That is, enhancements in practices of firms with similar configurations that push the short run profit frontier are positively associated with R&D spending increases.
On the one hand, this latter finding (Table 5 , specification (3)) is in line with the negative short run link between R&D spending changes and dynamic firm and frontier benchmarking (Table 5 , specification (2)), and consistent with the descriptive results'
interpretations. Explicitly, it is expected that in presence of local industry progress there may be an immediate cost for the firms that are not pushing the frontier or simply not progressing, followed on most occasions by an adjustment period. Yet another facet of this result could come from the firms' strategic behavior, as instead of straightforward catching up to the current frontier, investments in R&D could be driven by strategic renewal, which generally has long run effects not captured by our models (Knott and Posen 2009 ).
On the other hand, findings for moving frontier benchmarking and accounting profitability ratios (Table 5 , specifications (2) to (5)) corroborate the results from studies that identified R&D flows as a useful explanatory variable of the firms' production outcomes . When changes in accounting ratios are the dependent variables (Table 5, specifications (4) and (5)) the results maintain the intuition that strong correlations exist between R&D spending and profitability increases (Capon et al. 1990; Griliches 1998;  O'Mahony and Vecchi 2009). Nevertheless, these links between movements in accounting ratios and investments should be taken with a grain of salt, as their interpretations may be less precise than in the case of the benchmarking measures. For instance, ROA includes the various types of assets and extraordinary results, while the net margin comprises the impact of taxes. Thus, these ratios' construction affects their interpretation accuracy, and may lead to the negative parameter estimate (although weakly significant) for the relation between changes in intangibles and the net margin, possibly a short run cost similar to the one in specification (2).
Sensitivity and robustness analyses
In a managerial accounting fashion, a series of sensitivity analyses are run considering fixed and variable inputs for the benchmarking measures. As described in the variables' section, these specifications mix managerial discretion (short run effects) with firm capacity
given by fixed inputs that can be only modified in the long run and thus are not subject to managerial discretion. Results are obtained following equations (A1) and (A2) and are illustrated in Figure A1 , all in the Appendix. 15 Note that for all three additional inputs-output specifications the tenor of the benchmarking results does not change. Nevertheless, when employed for a second stage, the significance of the regression results-although still maintaining the same interpretations-is weaker when less managerial discretion is allowed.
Indeed, the theoretical design its implications are most meaningful for short run analyses.
Second stage analyses undergo a broad series of robustness tests. All specifications are estimated using-apart from the general regression model in equation (8)-random effects and OLS regressions, clustering by firm, and firm and year when calculating the robust standard errors. Moreover, the explanatory variables were also introduced individually in regressions to isolate their relationships with the benchmarking measures. In all alternative specifications, results do not change their tenor. Another specific concern for the reliability of the second stage results was the relatively high number of zero values reported for R&D spending and intangibles. These differ from missing values that were treated as such when estimating the regression in Table 5 . All regressions were rerun after transforming the zero values for R&D spending and intangibles into missing values. Results' interpretations are maintained, as parameter estimates preserve their signs and significance levels.
15 See the various inputs-output specifications for sensitivity tests in the description of Figure (A1 ). Sensitivity tests also consider including R&D spending as an individual input. Results do not change significantly. Furthermore, results do not change their tenor if R&D spending and intangibles are only employed in the second stage-while R&D spending is removed from the inputs side of the benchmarking measure-however, this inputs' specification is fundamentally wrong as it does not respect the firms' profit function.
CONCLUDING REMARKS
This study proposes a managerial accounting design with performance feedback that operationalizes decision making based on resources and routines. This objective was long stated by the strategic management literature, but was not fully attained. The proposed research design integrates the endogenous components of across-firms heterogeneous routines that are fundamental for firm performance (Winter 2003; Abell et al. 2008; Argyres et al. 2012; Felin and Foss 2011; Felin et al. 2012; Felin 2012) The empirical application demonstrates the usefulness of the proposed design for management and accounting theory, and for researchers and mangers that perform short run profitability analyses. Given its benchmarking focus, this study can be used for instituting control mechanisms and reward systems. These can be developed around the decomposed frontier benchmarking measures that isolate changes in firm outcomes with respect to either a fixed industry frontier or a moving frontier, and also provide a local industry progress effect.
The control-and reward-oriented decomposition is then extended to conduct meaningful firm-level strategic benchmarking. Second stage analyses model changes in the benchmarking measures as a function of shifts in organizational knowledge investments.
Robustness and sensitivity tests are run, the latter focusing on managerial discretion over flow or stock variables. results can be matched through catching up processes generated via knowledge investments Acs et al. 2009) . If the impact of the frontier is isolated, the positive link is found between boosts in R&D spending and local frontier progress, shared by firms with similar configurations.
Increasing R&D spending has a short run cost that appears in the dynamic benchmarking case, accounting for both firm and frontier changes. This negative effect for firms that are neither pushing the frontier nor progressing is followed on most occasions by an adjustment period. These are the immediate effects of R&D spending, which could be aimed at long run strategic renewal and regaining eroded competitive advantages (Knott 2003; Knott and Posen 2009) . Note thus that for organizational knowledge contexts, R&D flows are a useful explanatory variable and the benchmarking results maintain that strong relations exist between R&D spending and profitability (Capon et al. 1990; Griliches 1998; O'Mahony and Vecchi 2009) .
Future research could scrutinize whether investments in organizational knowledge (or simply organizational change) are associated in different ways with dissimilar ex ante performance levels. However, the intuition of the descriptive results is not supporting such conjectures given that changes in benchmarking measures and accounting ratios have similar evolutions at q1, median and q3 levels. Yet another important line of research is to scrutinize whether the few efforts to operationalize routines and capabilities and their link to firm performance might converge to similar conclusions. This work and the Bayesian approach of Denrell et al. (2013) could serve as starting points. Median values. Efficiency scores represent degrees of inefficiency; the lowest values are the bets results. The opposite is valid for ROA and net margin, which are interpreted in the traditional fashion: the higher the value, the better the performance. For the efficiency measure, inputs are (i) cost of goods sold (COGS), (ii) selling, general and administrative expenses, and (iii) depreciation and amortization, while the output is revenues. All inputs and the output are variable. The reported values represent changes between the periods indicated in the "year" column. Results of zero show no change; positive/negative results show improvement/deterioration. The number of observations for the Luenberger indicator and the frontier change is slightly lower than for the efficiency change due to the presence of infeasible results for five of the analyzed firms. Inputs are (i) cost of goods sold (COGS), (ii) selling, general and administrative expenses, and (iii) depreciation and amortization, while the output is revenues. All inputs and the output are variable. The reported values represent changes between the periods indicated in the "year" column. Results of zero show no change; positive/negative results show improvement/deterioration. , variable inputs are cost of goods sold (COGS) and selling, general and administrative expenses, the fixed input is fixed assets, while the output is revenues. For the alternative model 2 (top right), variable inputs are cost of goods sold (COGS) and selling, general and administrative expenses, the fixed inputs are fixed assets and the number of employees, while the output is revenues. For the alternative model 3 (bottom), the variable input is operating expenses, the fixed inputs are fixed assets and the number of employees, while the output is revenues.
